Abstract: Two thionin genes were isolated from Arabidopsis thaliana (AT1G12660 and AT1G12663
I. Introduction
Solanum tuberosum belongs to the family Solanaceae, is a popular vegetable in the world and it is economically and socially important. It considered being the fourth most important food crop (after wheat, maize and rice). It is cultivated in temperate and subtropical regions across the world [1] .
In Egypt, potato has an important value among all vegetable crops, where about 20% of total area devoted for vegetable production is cultivated with potato. Potato is the second most important vegetable crop after tomato. Potato is economically important to Egypt and any disturbance in its production affects severely its local and more importantly export impact. Because potato is one of the main crops among Egypt's agricultural exports, it is important to understand the relevant patterns and determinants of international trade in order to promote Egyptian agricultural exports. There are two main problems encounter production and exportation of potato in Egypt: infection with pathogenic diseases and using of chemical fungicides and pesticides. Firstly, during their seasonal plantations potato plants are subjected to numerous pathogens and insect pests which cause considerable loss in Egyptian quantitative and qualitative potato yield. Thus, a key barrier to the improvement of potato in Egypt is the reduction in yield and tuber quality caused mainly by potato pests and pathogens [2, 3 and 4] . Secondly, the use of pesticides and fungicides is costly as well as environmentally undesirable. Therefore, there is a great demand to develop novel strategies providing durable resistance, over a broad geographic area. Such strategies will be particularly important in cases where the source of resistance is not available. The most significant advancement in the area of varietal development for disease resistance is the use of the techniques of genetic engineering to develop transgenic plant resistant to many diseases [5,6,7,8 and 9] .
Alternaria alternata and Rhizoctonia solani are common pathogenic fungi causing many diseases to potato plant. [10] Reported that Alternaria alternata is a fungus which causes leaf spot in potato plant. It occurs annually to some degree in most production areas, the timing of its appearance and the rate of disease progress help determine the impact on the potato crop. The fungus is considered to be a weak pathogen. This fungus can loss up to 20% of yield production and if uncontrolled; the disease can be very destructive.
Rhizoctonia solani is a soil borne fungus belongs to Basidiomycete. It is widely distributed over the world and is considered as an important causative fungal pathogen of various plants hosts causing different plant diseases (seed decay, seedlings damping off , leaves foliar blight, root rot), and other plant diseases [11] .Black scurf is the most conspicuous sign of Rhizoctonia diseases. In this phase of the disease, the fungus forms dark brown to black, hard masses on the surface of the tuber of potato. These are called sclerotia and are resting bodies of the fungus [12] .
Thionins are family of the PR proteins with low-molecular-weight (5 kDa) cysteine-rich proteins, they had anti-microbial activity and toxic to plant pathogens in vitro (has antifungal properties). There are many kinds of thionins, most of which mainly accumulate in seeds of higher plants. But some thionins exist in stems, roots, or leaves in tissue specific manner. N-and C-terminal amino acid sequences of these thionins are highly conservative but their nucleotide sequences differentiate to each other [13, 14 and 15] . The mechanism of thionins inhibition to the pathogenic fungi was simply explained by [16] as follow: the antimicrobial properties of thionins are derived from their ability to induce pore formation on cell membranes of phytopathogens, resulting in release of potassium and calcium ions from the cell.
Gene delivery is a method for transformation using nanoparticle through non-viral-mediated delivery vehicles such as chitosan nanoparticle. [17] Mentioned that chitosan is a polymer that has been used extensively both in nucleic acid delivery and tissue engineering applications. [18] Enumerate the advantages of using nanoparticles rather than traditional carriers. Firstly, nanoparticles are applicable to both monocotyledons and dicotyledonous plants and any types of organs. Secondly, this type of gene carriers can effectively overcome transgenic silencing via controlling the copies of DNA combined to nanoparticles. Thirdly, nanoparticles can be easily functionalized so as to further enhance transformation efficiency. Finally, nanoparticles-mediated multigene transformation can be achieved without involving traditional building method of complex carrier. [19 and 20] described a cationic polymer that are stable and are an excellent choice for large-scale production and its commercial use as non-viral vectors known as chitosan. Chitosan (CS) is the only naturally existing cationic biodegradable alkaline polysaccharide and binds strongly to negatively charged DNA. Also [21] enumerated the properties of CS as it is a nontoxic, semicrystalline, biodegradable, biocompatible linear polysaccharide, chemical inertness, wound healing ability and low cost. It is a linear polysaccharide composed of randomly distributed β-(1-4)-linked D-glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit). Recently, [22] approved that chitosan mixed with acrylamide, silicone and urea was used as fertilizer for crop plants.
In this study, we sought to introduce resistance potato plants to fungal pathogens by expressing antifungal Thionin proteins (Thio60 and Thio63). The two thionin genes were transformed into the potato tissues by using chitosan nanoparticle. We confirm that thionin gene can transfer into the transgenic potato cultivars, and then tested the resistance of transgenic plants with the fungal pathogen Alternaria alternata and Rhizoctonia solani.
II. Materials And Methods

Plant material:-
Arabidopsis thaliana plant is a genetic model of thionin genes. It was used to isolate the thionin genes. Two cultivars of Solanum tuberosum (potato) used as a transgenic model (lady and spunta). They were brought from Egyptian-Canadian Company (Egypt) and regenerated on MS media [23] .
Isolation of thionin genes from Arabidopsis thaliana:-
The total genomic DNA of Arabidopsis thaliana was extracted using Edward's protocol described by [24] . For PCR reaction 50ng of template DNA was used for each 25 The two thionin genes to be determined were AT1G12660 (Thio-60) and AT1G12663 (Thio-63) genes and they are found on the chromosome one of Arabidopsis thaliana. PCR products for the isolated two thionin genes were run on 0.8% (w/v) agarose gel. The amplified PCR products were purified using GeneJET™ PCR Purification Kit (Thermo K0701).
Bacterial strain and plasmid:-
The cultures of E. coli (CD3-389) containing pEGAD kindly provided from Agricultural center for genetic engineering and biotechnology (ACGEB) were grown for 24h at 37 o c on LB agar plates with the appropriate antibiotic for plasmid (50μg/ml kanamycin). Then make LB broth media at 200 rpm in order to isolate the vector (pEGAD) using alkaline lysis method following the protocol of [25] .
Digestion, Cloning and bacterial transformation:-
Both the two thionin genes and the vector (pEGAD) were digested with the same restriction enzymes (EcoRI and HindIII) from New England, Biolabs ® Inc , according to the manufacture protocol. The ligation process was performed between the pEGAD plasmid and both inserts (Thio-60 and Thio-63 genes) respectively at conditions 37 o c for 2hr [26] . So the ligation product is ready for proceeding bacterial transformation. pEGAD vector carrying both Thio-60 and Thio-63 genes respectively were transformed into chemically competent E. coli cells. [26] Mentioned the protocol of E. coli transformation as follow: 100 μl of competent cells were allowed to thaw on ice. 5μl of each plasmid DNA was added and incubated on ice for 30 minutes. Samples were subjected to 42°C for 1 minute and they were immediately transferred onto ice and left for 3 minutes. After heat shock 900μl SOC medium was added onto bacterial culture. The samples were incubated at 37°C for 50-60 minutes with shaking at 200 rpm. 100 μl of each culture was spread onto wormed LB plate with 50μg/ml kanamycin and were grown at 37°C overnight. After that, isolate the propagated plasmid with gene of interest in order to confirm the transformation into DH5α by plasmid PCR.
Plasmid PCR:-
The vector (pEGAD) containing each of thionin genes were isolated from DH5 CD3-389 and a PCR reaction was established to confirm the cloning of the thionin genes inside the plasmid in the right direction (5´-3´) using the primers specific to the vector (pEGAD) as follow: Forward: 5´ ACCTGCCAACCAAAGCGAGAAC 3´ and reverse: 5´ TCAGGGTTATTGTCTCATGAGCG 3´. PCR reaction for plasmid PCR was performed for 40 cycles as follow: 1 min at 95 o c, 1 min at 68 o c and 1 min at 72 o c.
Chitosan nanoparticle transformation:-
Chitosan nanoparticle was provided by Agricultural center for genetic engineering and biotechnology, Faculty of Agriculture, Ain-Shams University (ACGEB). The information of this nanoparticle like weight, pH, degree of deacetylation and size were measured in order to estimate the percent of amino groups (carrying +ve charge) which unit with -ve charge of plasmid.
2.6.1
Determination of degree of deacetylation of chitosan There are many methods for determination of degree of deacetylation of chitosan nanoparticle; one of them is titration method. [27] illustrated this method as follow: Dried chitosan (0.2 g) was dissolved in 20 cm3 0.1 M hydrochloric acid and 25 cm 3 deionized water. After 30 minutes continuous stirring, next portion of deionized water (25 cm 3 ) was added and stirring continued for 30 minutes. When chitosan was completely dissolved, solution was titrated with a 0.1 mol·dm -3 sodium hydroxide solution using automatic burette (0.01 cm 3 accuracy). Degree of deacetylation (DA or DD) of chitosan was calculated using formula:
Where: m -weight of sample, V1, V2 -volumes of 0.1 mol·dm -3 sodium hydroxide solution corresponding to the deflection points, 2.03 -coefficient resulting from the molecular weight of chitin monomer unit, 0.0042 -coefficient resulting from the difference between molecular weights of chitin and chitosan monomer units.
2.6.2
Preparation of chitosan-DNA nanoparticles (CS/pDNA) [28] Described the method of CS/DNA formation as follow: Two types of CS, each of a different molecular weight, were dissolved separately in 25 mM acetic acid, which was then adjusted to pH 5.5 at a final concentration of 1% (stock solution). The stock solution was then diluted with distilled water to form different concentrations of CS solution (0.01, 0.02, 0.04 and 0.08%). The CS and the pEGAD were first incubated in water bath at 55 o C for 15 min, respectively. Then CS-DNA complexes were prepared by adding these CS different concentrations (working range of 0.01-0.08%) to an equal volume of a pDNA solution (50 mg/ml) followed by immediately intense stirring on a vortex mixer for 1 min.
(Note: for transformation with chitosan, the plasmid was dissolved in 50mM Sod. Sulfate)
DNA retention and release
The binding of pDNA with CS was determined by agarose gel electrophoresis method according to [29] . CS/pDNA different concentrations, ranging from 0.01 to 0.08%, were loaded onto 1% agarose gel in Trisacetate/EDTA (TAE) buffer and electrophoresed at 60 V for 40 min. Then, gels were visualized with a UV/white gel documentation system (VilberLourmat).
DNA release study was carried out according to [31] . Briefly, CS/pDNA NPs were centrifuged at 4 o C, 14,000 g for 30 min, after which the pellet was resuspended in equal volume of phosphate-buffered saline (PBS, pH 7.4) and incubated at 37 o C with 100 rpm agitation for 3 days, then examined on Agrose gel electrophoresis.
Transmission electron microscopy
According to [32] the method for TEM imaging as follow: carbon coated 400 mesh copper grids were put over one drop of the complex (CS/pDNA) and left to stand for 1.5 min. The grid was stained with one drop of filtered solution containing 2% uranyl acetate for 1.5 min, and any excess uranyl acetate was removed with filter paper. The grids were allowed to dry for a further 10 min and then examined with a JEOL (JEM.1010) electron microscope in the Regional Center for Mycology and Biotechnology, Al-Azhar University.
2.6.5
Transformation of Chitosan/pDNA into plant tissue:-Transformation of Chitosan/pDNA into plant tissue was carried out according to [33] as follow: nodal explants of 0.5-2.0cm long were cut from the three-week old Solanum tuberosum cultivars plantlets. The explants were immersed in 300 µl of CS/pDNA for 30 minutes. After that transfer these segments into ¾ MS medium containing hormones (2mg/l BA and 1mg/l kin) and 50µg/l kanamycin then incubated at 25±1°C for 4 weeks to regenerate plants. The produced transgenic potato cultivars were transferred into MS media containing rooting growth hormones (1 ml/l NAA, 1 ml/l IBA and 1 ml/l kin) and incubated at 25 o c under light conditions (16h light and 8 h dark for 4 weeks.
Molecular analysis of transgenic plants:-2.7.1 PCR analysis
A polymerase chain reaction (PCR) was employed to screen transformants for both thionin genes integration. Genomic DNAs from kanamycin-resistant and control potato plants 4-5 weeks old were extracted using a modified cetyl trimethyl ammonium bromide (CTAB) method [34] . PCR was performed using genomic DNA as a target and primers as follow: forward 60, 5'ATGGAGGACAAAAGAGTG3'; reverse 60, 5'TCATAGACTAAAATCAATAGC3'; forward 63, 5'ATGTTGGTGGCAGTAATGAT3'; and reverse 63, 5'CTAGTTTTTCTTGGTACACTT3'. These primers were designed by the software Oligo 7. PCR amplification reactions consisted of an initial denaturation at 95 °C for 3 min followed by 40 cycles of denaturation at 95 °C for 1 min, annealing at 54°C for 1 min, extension at 72 °C for 1 min and a post-extension at 72 °C for 10 min. Taq DNA polymerase was used in all PCR reactions. The resulting PCR products were separated by electrophoresis agarose gel 1.2% (w/v).
2.7.2
Real time-PCR for the transgenic plant:-This reaction was performed in three steps: RNA extraction, cDNA synthesis and real time-PCR reaction. RNA was isolated from the transgenic line of both potato cultivars after four weeks cultivation in MS jars by using protocol of [35] . cDNA was generated from total RNA using usingSuperScript® III One-Step RT-PCR System with Platinum® Taq DNA Polymerase (Thermo scientific). Real-Time PCR reactions were carried out to quantify selected gene transcripts using PikoReal Real-Time (Thermo scientific) and SYBER-green as fluorescent dye, according to the manufacturer's instructions. The amplified PCR products were fractionated through 1% agarose gel. These transcripts were compared to actin control gene (Act7) expressed in Arabidopsis thaliana plant. A melting curve was recorded at the end of every run to exclude primers generating non-specific PCR products.
Fungal-resistance assay of transgenic plants:-
Antifungal activity of the thionin genes in the transgenic plants thus obtained was tested against Alternaria alternata and Rhizoctonia solani.
2.8.1
Spore suspension infecting different organs in potato In this experiment, spore suspension was prepared by immersing fungal discs in 5 ml of sterile distilled water to release the spores. The spores were collected with a sterile Pasteur pipette, and their concentration was adjusted to 2x10 5 spores/ml using sterile water. This assay was applied for detached leaves and micro-tubers. Detached leaves from mature transgenic and non-transformed potato plants, grown in vitro for 4-5 weeks, were placed in a Petri dish with wet filter paper, wounded in the middle on both sides of the midrib, and inoculated with the spore suspension (20 µl each). Micro-tubers from mature transgenic and non-transformed potato plants, grown in vitro for about 8 weeks, were placed in a Petri dish with wet filter paper and inoculated with the spore suspension (20 µl each).After inoculation, these different organs were incubated at room temperature under 16 h light/8 h dark conditions and high humidity for a week. Pictures were taken 5 days after inoculation [36] .
Protein extraction Bioassay
Antifungal activity of the product thionin proteins resulted in the transgenic potato was tested against the different potato pathogenic fungi spores. The protein extraction was applied following the method of [37] . Then the following bioassay was applied:-
Inhibitory effect of protein extracts on radial growth
The method was carried out according to [38] who determine the inhibitory effects of crude protein extracts, as they incorporated the extract into the PDA and poured into Petri dishes. Agar discs (0.5 cm in diameter) were placed in the center of Petri dishes containing PDA with the crude protein extract. Petri dishes were sealed with parafilm. The plates without the protein extract were used as control. The plates were incubated for 4 days and mycelium growth was measured.
III. Results And Discussion
In this study, chitosan nanoparticle transformation was employed to transform potato with two different thionin genes (AT1G12660 and AT1G12663). Two commercial potato cultivars, lady and spunta, were used in this study. Potato nodal cutting technique of tissue culture was used for transformation with chitosan nanoparticle. The transgenic plants exhibited enhanced resistance to Alternaria alternata and Rhizoctonia solani infection by the following:-
Restriction digestion of thionin genes and vector:-
Both two thionin genes (AT1G12660 and AT1G12663) and the vector pEGAD were digested with mixed (EcoRI and HindIII). The results were analyzed on agarose gel electrophoresis which illustrated in fig.  (1) . This work agreed with [14] who used thionin gene due to their antimicrobial effect for transformation into Magnaporthe oryzae. The usage of restriction digestion for gene insertion agreed with [39] 
Transformation by chitosan nanoparticle into plant tissue:-
In this study CS/pDNA was successfully prepared with defined conditions and used as an effective gene delivery system. Chitosan nanoparticle was used for gene transformation into plant tissue. This agreed with [33] who used chitosan nanoparticle as a carrier of pBDG containing GFP gene through transformation into Paulownia sp and Echinacea purpurea plants.
Determination of degree of deacetylation (DD):
The simple titration method was used according to [27] who estimate of the DD assesses the amine or acetyl amine groups on the glycoside unit of chitosan nanoparticle. This group has a positive charge which binds with the negative charge of DNA and this determine the affinity between the nanoparticle and pDNA.The difference of the volumes of these two points (V1 and V2) corresponds to the acid consumed by the amine groups and allow to calculate DD. In order to know the characterization of chitosan nanoparticle, we measure several criteria as shown Table (1): the average value of DD was 56.626±10.016, morphological descriptions: Amorphous, crispy, yellowish, molecular weights: 827 kDa, pH: 4.14, and particle size.
This Table ( 1) indicated that the high molecular weight chitosan was bound DNA more readily and the high DD samples were bound more efficient than lower DD. These results were the same manner with [32] who indicated that keeping the DNA concentration constant and changing of chitosan concentration. DNA binding is dependent on both molecular weight and the degree of deacetylation of the used chitosan, which proved that particle size and shape play an important role in transferring genes into the cells according to [40] .
We must know these criteria because [31] mentioned that this characteristic is very important in gene transfer because cellular uptakes of the CS/pDNA complex as well as its subsequent release from the endolysosome pathway. 
DNA retention and release
Complex formation between chitosan and pDNA was confirmed using gel electrophoresis techniques. The optimal ratio of complex formation between chitosan and pDNA was 1:1 and this agree with [29] who use the same ratio of CS/pDNA 1:1, and it was confirmed by electrophoresis of complexes on an agarose gel fig.  (2) . The CS-DNA complex encapsulation capacity often depends on the molecular weight of CS. The results show that the extent of DNA retardation increases with an increasing ratio of CS/DNA (w/w) ( Fig. 2; a, b) . When pDNA is mixed with chitosan, the electrostatic interaction drives the formation of complexes. Run of pDNA on an agarose gel is retarded because of the charge neutralization and/or increase in molecular size of the complexes. The release of CS/pDNA complex was illustrated in fig. (3) . The retention of CS/pDNA agreed with (30) who explained that the lack of electrophoretic mobility of the CS/pDNA confirms complete encapsulation, as no free plasmid bands were visible. 
Transmission electron microscope (TEM)
Chitosan nanoparticle morphology was characterized using transmission electron microscopy ( fig.4 ). This figure explained firstly the retention between CS NP and pDNA, secondly measurements the size of these chitosan particles shown in table (2) which explained that there is no significant difference between both genes which loaded into chitosan, it could be attributed to have nearly the same length. The images obtained by TEM were illustrated in fig. (4a,b) which showed that white dots is CS while black dots are pDNA.
The imaging of CS/pDNA complex under TEM agreed with [32] who photographed chitosan with pcDNA containing human embryonic kidney cells (HEK293); and [41] who photographed pUMVC3-hIL12 loaded chitosan nanoparticles in Colon Carcinoma Cells. Up till now few researches included application of chitosan in plant and the work in this field is too narrow, [33] who imaged the pBDG loaded to chitosan complex which transfected in both Echinacea purpurea and Paulownia sp plants respectively. 
CS/pDNA transfection into plant tissue
In this experiment, CS was investigated as potential delivery systems for pDNA in vitro. The internodes of two potato cultivars were immersed in the different concentrations of CS/pDNA mix (0.01, 0.02, 0.04 and 0.08% CS) for 30 min then transferred into MS media with 50µg/ml kanamycin and growth hormones (2mg/l BA and 1mg/l kin). After four weeks incubation at 25 o c under light conditions, the shoots are fully grown and multiplied, then test for gene transfer. The transformed potato with Thio60 and Thio63 genes via CS were shown in fig. (5) . Similar findings were obtained by [33] who use chitosan transformation into nodal plant segments for 30 min, also agreed with [42] who used the same growth hormones in MS media for the transformed nodal potato segments.
In this study, we selected nodal explants for transformation because [43] proved that the nodal explants are much more resistant during manipulation and more amenable to in vitro conditions. While, [44] mentioned that the leaf explants were easily injured during the manipulation, which resulted in a low percentage of transformation. 
Molecular analysis of the transgenic plant 3.3.1 PCR analysis:-
The kanamycin-resistant clones were subjected to PCR analysis to confirm the integration of the transgenes Thionin 60 and thioinin 63. Some clones showed amplified fragments of approximately 0.6 kb for thionin 60 in both lady and spunta cultivars (Fig. 6a,b) and 0.4 kb for thionin 63 in both lady and spunta cultivars (Fig. 6c,d ).No amplified band was shown in PCR products from total DNA of non-transformed control plants. These findings are similar to [45] who used PCR to confirm OC-II, OC-I genes transformation respectively into transformed potato plant; and [45] who apply PCR to confirm the presence of the plasmid pSKI074 into transformed potato plant. 
RT-PCR:-
The reverse transcription of RNAs into cDNAs and the amplification of the specific regions of both Thio60 and Thio63 genes were done to detect the transcript expression. The result of RT-PCR showed a single 414 bp amplification product for Thio60 gene and a single 348 bp amplification product for Thio63 gene. The expression of both thionin genes in transgenic potato is lower than level of transcript expression than actin control gene expressed in Arabidopsis plant. Fig. (7) Showed the expression level of both thionin transcripts in the two potato cultivars in comparing to control transcripts in Arabidopsis plant. The application of RT-PCR for gene expression within the transformed potato plant agreed with [47] who tested the transcripts of human proinsulin gene within three transformed potato cultivars (Desiree, Agria and Marfona). 
Pathogenicity test:-
The results of spore suspension of both A. alternata and R. solani on different parts of control and transgenic potato cultivars (detached leaf and micro-tuber) were recorded in Table ( 2). The effect of these different pathogenic fungi on the detached leaf and micro-tuber were illustrated in histogram in fig. (8) and their effect on morphology of detached leaf and micro-tubers were shown in fig.(9 and 10 respectively) .
Fungal resistance of transgenic potato plants expressing thionin genes isolated from Brassicaceae species (Arabidopsis thaliana) was evaluated against the phytopathogenic fungi, Alternaria spp as mentioned in recommendtion by [13] who worked on Botrytis cinerea as phytopathogenic fungus to potato. Thionins inhibit the growth in vitro of about 20 different fungal plant pathogens including Botrytis cinerea, Fusarium spp., Phytophthora infestans and Rhizoctonia solani [48] . As to their mode of action, thionins are known to form cation-selective ion channels by binding to phosphatidylserine head groups in lipid bilayer membranes which cause permeabilization and oxidative burst followed by cell death in target cells [49, 50 and 51] . The mechanism also explained simply by [16] as follow: the antibacterial and antifungal properties of thionins are derived from their ability to induce pore formation on cell membranes of phytopathogens, resulting in release of potassium and calcium ions from the cell. 
Inhibitory effect of protein extracts on radial growth of fungi
It is evident that protein extract of five replicates of transgenic potato that contain thionin proteins showed antifungal activity against the different pathogenic fungi with reduction in mycelial growth. Fig. (11) illustrate the inhibitory effect of protein extract of the transgenic potato cultivars on radial growth of the PDA plates of different four pathogenic fungi after incubation for 7 days at 28 o c in comparing to control fungi. From Table ( 3) and histogram in fig. (12) it was obvious that Thio63 protein cause more inhibition for the radial growth of both A. alternate and R. solani. These results agreed with [16] who worked on the secreted antifungal thionin protein isolated from Arabidopsis thaliana and suppressed the toxicity of fungal wall. 
